AIM: To investigate gastric emptying of a mixed solid and liquid meal in normal weight and obese children. METHODS: 114 volunteer children of school age (range 6 ± 11 y) entered the study. Children were considered as being underweight, normal weight, obese, severely obese according to their body mass index (BMI), and were examined using a non-invasive ultrasound method in the morning after an overnight fast period. The examination was always performed in an upright position by the same operator. The half-emptying time and fasting antral area were assessed, and antral area measurements were performed every 30 min for 240 min after meal administration. RESULTS: Five children (4.4%) were underweight, 53 (46.5%) were normal weight, 19 (16.6%) were obese, and 37 (32.5%) were severely obese. The underweight group was not considered for the analysis. No signi®cant difference in t 1/2 was found among the three groups. A positive statistically signi®cant correlation was found between fasting antral area and BMI (r 0.44; P`0.0001) in all children. The fasting antral area value was 3.5 cm 2 (range 1.6 ± 8.1) in normal weight children, 3.6 cm 2 (range 1.9 ± 7.7) in obese children, and 3.9 cm 2 (range 1.5 ± 10.8) in severely obese children. There was a signi®cant difference between severely obese and normal weight children (P`0.05). No signi®cant difference was found in the gastric emptying between severely obese and obese children, and between severely obese and normal weight ones. CONCLUSION: The difference in fasting antral area in these groups may be considered as an early disturbance. In fact the increased gastric volume could cause a change in the sense of satiety with a consequent increase in the intake of these subjects.
Introduction
Obesity is a heterogeneous disorder which results from an imbalance between energy intake and expenditure. The health risks of obesity are proportional to the increase in body mass index (BMI), and include non-insulin dependent diabetes, hypertension, hyperlipidaemia and coronary artery disease, respiratory failure, and increased cancer risk. In addition, overweight during childhood and adolescence is associated with overweight during adulthood. An increasing prevalence of obesity among school-aged children has recently been demonstrated in the United States and in Europe. 1, 2 It is not yet known whether disturbances in gastric motility are involved in the complex pathogenesis of the disease. Disturbances in gastric emptying have been demonstrated by means of radionuclide techniques 3, 4 and special attention has been paid to accelerated gastric emptying as a possible agent in the pathogenesis of obesity. However, normal gastric emptying of solids and liquids has also been reported. 5 A number of studies have evaluated the relationship between body weight and gastric emptying in adults. 6 No data on the possible relationship between gastric emptying and BMI in children are available at present. One explanation for this lack of data may be that, until some years ago, measurement of the gastric emptying rate of solids in children was performed by means of invasive procedures or methods involving substantial exposure to radiation. Nowadays, ultrasound, being non-invasive, radiation-free and widely available, has demonstrated important advantages over established methods for motility examinations such as scintigraphy and manometry.
The aim of this study was to verify, by ultrasound scan, possible differences in gastric emptying rate between normal weight and obese children.
Subjects and methods
The study was explained to the parents of the 280 children attending the two public elementary schools in our town. A questionnaire to obtain information about possible paediatric disease was administered to the parents of all the children. Only 140 parents consented for their children to enter the study and returned the questionnaires. Subjects with gastrointestinal, metabolic and endocrine pathologies were excluded. Therefore, 114 healthy volunteer children, 60 males and 54 females (range 6 ± 11 y), entered the study. The study was approved by the Ethics Committee of our Institute and informed written consent was obtained from the parents of all 114 enrolled children.
Study design
To avoid interrupting the children's school activities, the gastric emptying study was performed at the school clinic, in the morning at 08.00 after a 12-h fast.
Anthropometric data
Height, weight, biceps, triceps, subscapular and suprailiac subcutaneous skinfolds (Holtain calipers) were measured in all the children by a single operator. BMI was calculated according to the formula: weight (kg)aheight(m) 2 . The sum of the four subcutaneous skinfolds was also calculated.
The children were divided into four groups according to their BMI 7 ; underweight (`3rd centile), normal weight (b3rd ±`90th centile), obese (b90th centile) and severely obese (b95th centile) groups.
GE recording
The ultrasound examination of gastric emptying was performed by a single operator using a real-time apparatus (Sigma 20, Kontron Instruments) equipped with a 3.5 MHz linear probe. Measurements of the antrum were taken before the administration of a mixed solid ± liquid meal (Table 1 ) and subsequently at regular 30-min intervals for 240 min. The probe was positioned at the level of the transpyloric plane for simultaneous visualization of the antrum, the superior mesenteric vein, and the aorta. The measurements of the antrum were always taken from the outer pro®le of the wall. The cross section of the gastric antrum, corresponding to the sagittal plane passing through the superior mesenteric vein, is elliptical in shape, so its area can be calculated by measuring the longitudinal (L), and anteroposterior (AP) diameters and using the formula pLÂAPa4. 8 The emptying curve was established by plotting the cross sectional area of the gastric antrum against time.
In each subject, the emptying time (in minutes) was expressed as half-emptying time (t 1/2 ), corresponding to the time at which the cross-sectional area of the antrum had an intermediate value with respect to the basal value and the maximum value recorded after a meal. t 1/2 was calculated by linear regression analysis from the linear part of the emptying curve. 9 
Statistical analysis
Statistical analysis was performed using the Kruskal ± Wallis test, the Wilcoxon rank sum test, or the Spearman's rank correlation test when appropriate. Data are expressed as median and range. Probability values were considered statistically signi®cant at the level of 0.05 or less.
Results
The characteristics of each group are summarized in Table 2 . Since the group of underweight children numbered only ®ve subjects, this group was excluded from the data analysis. The skinfold values are shown in Table 3 . The principal gastric emptying parameters are shown in Table 4 . Fasting antral area was 3.5 cm 2 (range 1.6 ± 8.1) in normal weight children, 3.6 cm 2 (1.9 ± 7.7) in obese, and 3.9 cm 2 (range 1.5 ± 10.8) in severely obese children. There was a signi®cant difference in antral area between severely obese and normal weight children (P`0.05). A positive correlation was found between fasting antral area and BMI in all the children (r 0.44, P`0.001, Figure 1 ).
There was also a statistically signi®cant positive correlation between the mean value for the subcutaneous skinfolds and the fasting antral area (r 0.35; Figure 2 shows the gastric emptying curves for the three groups. There were no statistically signi®cant differences between the curves for normal weight and obese children, whereas at times 150, 180 and 210 min, the values for antral area were signi®cantly greater for the obese than for the severely obese group. Again, comparison at times 150, 180 and 210 min between normal weight and severely obese groups showed greater areas for the latter group than for the normal weight children.
Discussion
The present study used ultrasound to assess gastric emptying, rather than the more invasive barostat or scintigraphic techniques. Whilst the ultrasound technique cannot distinguish between solid and liquid components of a meal, it is more acceptable to the subjects and presents fewer ethical concerns. Our data show that there are no differences in fasting antral area and gastric emptying curves between normal weight and obese children. However, some differences emerged in the comparisons of gastric emptying curves between severely obese and normal weight children and between severely obese and obese children. The statistically signi®cant difference in fasting antral area between normal weight and severely obese children is an interesting ®nding.
It is known that the size of the fasting antral area is an important index of gastric function. A wide gastric antrum could therefore provide an index of delayed gastric emptying. In fact, the validity of using measurement of antral diameter to evaluate gastric emptying is consistent with the concept that antral tone plays a major part in regulating gastric emptying in concert with other factors, including the tone of the proximal stomach, antral phasic contractions, pyloric resistance, and proximal small intestinal motility. The fasting antral area has also been demonstrated to be greater in patients with functional dyspepsia and delayed gastric emptying than in healthy subjects. 10 In this light, our ®nding of increased fasting antral area in severely obese compared with obese and normal weight chil- Values are given as median and range; a P`0.05. Figure 1 There was a signi®cant correlation between fasting antral area and BMI (r 0.44, P`0.0001). Children with a greater fasting antral area had a higher BMI.
Figure 2
In normal weight and obese children gastric emptying curves did not show any signi®cant difference. In normal weight and severely obese children gastric emptying curves were signi®cantly different at 0, 150, 180 and 210 min after the meal (P`0.05). In obese and severely obese children gastric emptying curves were signi®cantly different at 150, 180 and 210 min after the mean (P`0.05). Data are expressed as medians.
Gastric emptying and obesity M Chiloiro et al dren is in good agreement with the gastric emptying curves and greater postprandial antral area values observed at 150, 180 and 210 min. The rationale for the studies on gastric emptying conducted up to now in obese subjects has been that accelerated gastric emptying should result in greater energy intake. Contrasting results have been obtained in these studies, some of which have demonstrated faster gastric emptying in obese than in normal weight subjects, using a liquid meal as the test meal, 11 whereas others, using a solid meal, found no differences between the two groups. 12 In our study, the use of a solid ± liquid meal revealed differences between the obese and severely obese groups, the antral area being greater in the latter group. Differences were also observed comparing normal weight and severely obese subjects. According to the most recent interpretation, delayed gastric emptying is due to alterations which initially affect the fasting antral area. This parameter re¯ects gastric capacity, correlated with the subjective sensation of fullness. Indeed, it is known that distending the stomach stimulates gastric stretch receptors, which trigger vagal discharges that activate hypothalamic neurons 13 and induce the feeling of satiety. 14 In this context, the study of normal weight vs normal weight bulimic subjects by Geliebter et al 15 demonstrated a greater gastric capacity and delayed gastric emptying in the bulimic group. They concluded that the large test-meal intakes by the bulimic subjects produced satiety levels similar to those produced by the smaller meal intakes in the normal subjects. Hence, the large stomach capacity in bulimic individuals may then perpetuate binge eating. This aspect has been studied in obese subjects by the same authors, who studied gastric capacity before and after a restrictive diet. 16 They demonstrated that gastric capacity reduces after a restrictive diet, and that the consumption of large meals probably initiates the process of increasing gastric capacity that may in turn contribute further to ingestion of large meals.
Blunted satiety in obese individuals is related to enlarged gastric volume and insensitivity to the appetite-regulating effect of cholecystokinin. Cholecystokinin has also been shown to decrease food intake in obese and normal weight men. 17, 18 Taken together, these factors disturb the normal integrated response to a meal, thus enhancing energy accumulation in obese individuals.
The differences we observed in the three groups, as regards both fasting and post-prandial antral areas, seem to indicate a progressive effect of obesity severity. There were no signi®cant differences between normal weight and obese subjects, but there were signi®cant differences between severely obese and normal weight children, and between obese and severely obese children.
It remains to be determined whether severely obese children have quantitatively or qualitatively different feeding habits from normal weight or obese children, which could explain their different gastric capacity before and after meals.
